Abstract
Introduction
Diabetes, in all its forms, imposes unacceptably high human, social & economic costs on countries at all income levels [1] . 415 million people are estimated to have diabetes with dramatic increases seen in countries all over the world. The overwhelming burden of diabetes strikes both low-& middle-income countries, where four out of five people are diagnosed with diabetes. Around 193 million, close to half of the people with diabetes, are unaware of their disease. Inadequate glycemic control results in microvascular & macrovascular complications such as cardiovascular diseases, peripheral arterial disease, retinopathy, nephropathy & neuropathy. From a simple disease of insulin deficiency, to a bifactoral model of insulin deficiency & resistance, to a multifactorial condition, diabetes is a challenging proposition [2] . Over the years as the understanding of diabetes pathophysiology has evolved, there has been a tremendous improvement in the way we approach & manage this disease [3] . The triumvirate of impaired insulin secretion, increased hepatic glucose production & decreased peripheral glucose utilization has always remained the core defects responsible for the development & progression of type 2 diabetes. However, as diabetic research has evolved, the gut (gastrointestinal tissues) has emerged as an add-on affiliate that contributes to pathogenesis of type 2 diabetes. Intestinal secretion of insulin or incretins namely, glucagon-like peptide (GLP-1) & glucose-dependent insulinotropic polypeptide (GIP) governs blood glucose homeostasis. They stimulate insulin biosynthesis & enhance insulin secretion from β-cell of pancreas. GLP-1 and not GIP additionally suppresses glucagon secretion from α-cell of pancreas thereby reducing hepatic glucose output [4] . GLP-1 being α/β cell modulator has evolved as a successful drug target. Following release, incretin hormones are rapidly inactivated by dipeptidyl peptidase-4 (DPP-4) enzyme. This has opened up avenues for treatment strategies targeting intestinal secretion of insulin or incretins. These include incretin mimetics-GLP-1 receptor agonist because they mimic the actions of GLP-1 & incretin enhancers-DPP-4 inhibitors/ Gliptins because they inhibit the DPP-4 enzyme that degrades GLP-1 [4] . Apart from being insulin/glucagon modulators, they do not cause hypoglycemia or weight gain, and clinical studies have shown capability for improvement in β-cell function [5] . These classes differentiate themselves from traditional anti-diabetic agents due to their β-cell preservation capabilities which could be linked to slow the progression of type 2 diabetes. GLP-1 agonists, e.g. exenatide are to be administered subcutaneously while DPP-4 inhibitors, e.g. gliptins are administered orally. Additionally, GLP-1 agonists are associated with high incidences of nausea [6] . All these factors make DPP-4 inhibitors potentially the better candidate for combination therapy with other anti-diabetic drugs.
Teneligliptin is a third generation DPP-4 inhibitor approved for treatment of type 2 diabetes. It is currently available in Japan, South Korea, Argentina and India. It is under pre-registration in Indonesia & under Phase I trials in US & Phase II trials in Denmark, Germany, Hungary, Lithuania, Poland, Romania & UK. The aim of this paper is to provide a comprehensive datum analysis of Teneligliptin in the management of type 2 diabetes. This paper summarizes the unique pharmacodynamic & pharmacokinetic advantages of Teneligliptin in addition to its pleiotropic benefits of cardioprotection. It provides a concise summary of all clinical trials till the date with Teneligliptin monotherapy & combination with other antidiabetic drugs.
Pharmacodynamic Advantage of Teneligliptin

Unique Structural Advantage
All DPP-4 inhibitors are similar in terms of mechanism of action & safety, however, they differ considerably in terms of pharmacokinetic & pharmacodynamic profiles. DPP-4 enzyme has several binding sites namely S 1 Table 1) .
Teneligliptin consists of a considerably rigid "J-shaped" structure formed by five rings, four of which are directly connected to DPP-4 which provides strongest binding to DPP-4 enzymes as compared to other gliptins (Figure 2) . . Teneligliptin may bind more tightly to the S 2 extensive subsite as a result of stronger hydrophobic interactions mediated by the "anchor lock domain". Binding of the anchor lock domain may relate to the residence time of DPP-4 inhibition and the long in vivo duration of action [7] . Inhibition of the DPP-4 substrate by Teneligliptin occurs in a manner that involves formation of a reversible covalent enzyme-inhibitor complex. This complex binds and dissociates from the catalytic site of the DPP-4 substrate very slowly resulting in persistent DPP-4 inhibition even after the drug is inactivated. This means that the catalytic activity remains inhibited even after the free drug has been cleared from the circulation. Binding to the S 2 extensive subsite, DPP-4 inhibitors can increase not only their inhibitory activity but also their selectivity towards other DPP enzymes. The J-shape and anchor-lock domain, contributes to the strong inhibitory function and potency of this drug with the lowest IC 50 value (0.37 nmol/L) as depicted in Table 2 . It is extremely selective for DPP-4 as compared to DPP-8 (703 fold) & DPP-9 (1460 fold) [8] .
Sustained DPP-4 Inhibition & High GLP-1 Concentration
The plasma concentrations of Teneligliptin after administration of dosages 10 or 20 mg once daily for 4 weeks revealed a median time to maximum concentration (C max ) of 1.0 hour with both dosages respectively. The maximum percentage of the inhibition in plasma DPP-4 activity was achieved within 2 hours after administration and was 81.3% and 89.7% with Teneligliptin 10 and 20 mg, respectively [10] . The percentage inhibition of DPP-4 activity at 24 hrs, after administration was 53.1% in Teneligliptin 10 mg group & 61.8% in Teneligliptin 20 mg group. The active plasma GLP-1 concentration was higher after Teneligliptin administration than placebo throughout the day, even at 24 hours after administration. The AUC 0-2h values for the active GLP-1 concentration after breakfast, lunch and dinner were 8.0, 8.4 and 7.8 pmol⋅h/L respectively, in Teneligliptin 10 mg group and 8.3, 7.9, and 8.6 pmol⋅h/L respectively, in Teneligliptin 20 mg group [10] . As compared to Teneligliptin 10 mg group, increase in AUC 0-2h for active GLP-1 concentration was slightly greater after dinner in Teneligliptin 20 mg group. Differences in the AUC 0-2h for the active GLP-1 concentration between both the Teneligliptintreated groups and the placebo group were statistically significant (p < 0.001) (Figure 3 ).
Insulin/Glucagon Modulator
T. Kadowaki et al. [11] studied the effects of Teneligliptin on insulin, glucagon, C-peptide & other parameters. AUC 0-2h for postprandial insulin and postprandial C-peptide increased significantly in the Teneligliptin-treated groups compared with the placebo group. There were no significant differences between groups in the AUC 0-2h for postprandial glucagon (data not shown), however, glucagon secretion tended to be lower in the Teneligliptintreated groups (Figure 4) .
24 Hours Glucose Control
T. Eto et al. [12] postprandial glucose (PPG) after each meal. Both Teneligliptin-treated groups showed significantly smaller 2-h PPG, 24-h mean glucose and FPG values than the placebo group. The differences between Teneligliptin 10 mg group & placebo in changes in 2-h PPG after each meal were −50.7 ± 7.8, −34.8 ± 9.2 and −37.5 ± 7.5 mg/dl [least squares (LS) means ± standard error (s.e.), all, p < 0.001] at breakfast, lunch and dinner, respectively. The corresponding LS means ± s.e. for Teneligliptin 20 mg versus placebo were −38.1 ± 7.8, −28.6 ± 9.2 and −36.1 ± 7.5 mg/dl, respectively (p < 0.001, p < 0.01, p < 0.001, respectively). Both doses of Teneligliptin increased postprandial plasma active glucagon-like peptide-1 concentrations compared with placebo. The incidences of adverse events and drug-related adverse events were similar among both groups. There were no hypoglycaemic symptoms or serious adverse events. [14] studied the effect of Teneligliptin 20 mg/day as an initial therapy in 31 newly diagnosed type 2 diabetes patients mean age 58.29 ± 14.95 for 3 months. Significant reductions in HbA1c (from 10.34 ± 2.06 to 8.38 ± 2.23%; p < 0.00001) and fasting blood glucose (from 211.3 ± 68.4 to 167.3 ± 70.2 mg/dL; p < 0.0002) levels were observed without any clinically significant adverse events. Homeostasis model assessment β-cell function (HOMA-β) significantly increased (from 24.04 ± 31.14 to 40.23 ± 40.98; p < 0.00001), while Homeostasis model assessment-insulin resistance (HOMA-R) decreased (from 3.74 ± 4.28 to 2.90 ± 2.16; p-n.s.) after treatment with Teneligliptin. The improvement in β-cell markers were reported in several studies after treatment with Teneligliptin.
β-Cell
Reduction in Short-Term Glycemic Fluctuations
Glycemic variability (GV) refers to swings in blood glucose levels (FPG & PPG) that occurs throughout the day. GV considers the intraday glycemic excursions, including episodes of hyperglycemia and hypoglycemia as well as blood glucose fluctuations that occur at the same time on different days [15] . Despite the same HbA1c levels at 3 months, patients tend to have marked glycemic variability throughout the day which is directly linked to microvascular & macrovascular complications. Glycemic variability can be assessed through various parameters: mean amplitude of glycemic excursions (MAGE), glycated albumin (GA) & 1,5-anhydroglucitol (1,5-AG) which may have clinical utility for diagnosing and evaluating glycemic variability and predicting diabetic complications. Mean amplitude of glycemic excursion (MAGE) computes the average height of glucose excursions that exceed the standard deviation for a given day. It includes only peak-to-nadir or nadir-to-peak excursions in its calculation, depending on which type of excursion occurs first in the day's data. [16] GA is a better marker than HbA1c for short term variations of glycemic control. HbA1c predicts glycemia over 2-3 months; GA predicts glycemia over 2 -3 weeks [17] . High GA increases risk of atherosclerosis [18] . 1, 5-AG is also a good marker of short term episodes of hyperglycemia such as PPG & other short term glucose excursions. 1, 5 AG predicts glycemia over 1 -3 days (mild to moderate hyperglycemia) [19] . Low 1,5-AG increases risk of atherosclerosis [20] . In addition to HbA1c, FPG & PPG are important indicators for the treatment of T2DM. Acute blood glucose fluctuations lead to oxidative stress, inflammation & endothelial dysfunction [21] [22] . Daily glucose fluctuations exhibit more specific triggering effect on oxidative stress than chronic hyperglycemia [23] . With changes in our dietary lifestyle and irregular eating habits which affect daily glucose fluctuations, it is important to normalize daily blood glucose fluctuations by suppressing post prandial hyperglycemia at all three meals daily. It is therefore important to note that maintaining sustained glycemic control (not only HbA1c, but also FPG & PPG-Glycemic Variability) is required to reduce the risk of diabetic complications [24] . Seiichi Tanaka et al. [25] studied the effect of Teneligliptin 20 mg once daily for ameliorating glucose fluctuations in 26 type 2 diabetic patients receiving insulin therapy, with or without other antidiabetes drugs, and using continuous glucose monitoring (CGM). Variations in 24-hr. blood glucose levels measured by CGM during add-on treatment with Teneligliptin 20 mg are shown in Figure 5 . Add-on treatment with Teneligliptin 20 mg significantly decreased both fasting and postprandial glucose levels on Days 5 -7. Add-on treatment with Teneligliptin led to significant decrease in 24-hour mean glucose levels (p < 0.001) and improvement in parameters of short term glycemic fluctuations over 3 days like decrease in MAGE (before treatment: 90.1 ± 46.7 mg/dL to after treatment: 85.5 ± 34.3 mg/dL; p < 0.05), decrease in GA (before treatment: −1.10% ± 1.13% to after treatment: −1.64% ± 1.41%; p < 0.05) & increase in 1,5-AG (before treatment: 0.40 ± 0.34 to after treatment: 0.97 ± 0.67; p < 0.05). Improvement in GA & 1,5-AG is seen in several studies over 3-6 months after add-on Teneligliptin treatment (Figure 6 ). 
Pharmacokinetic Advantage of Teneligliptin
Teneligliptin is rapidly absorbed in healthy volunteers after a single radiolabeled 20 mg dose, with maximum plasma concentrations attained in 1.33 hr [26] . The drug is 78% -80% bound to plasma proteins [27] . An overview of Teneligliptin pharmacokinetics is mentioned in Table 3 .
In humans, Teneligliptin is primarily metabolized by cytochrome P450 (CYP) 3A4 & flavin monooxygenases (FMO) 1 and 3 to several metabolites of unknown biological activity [26] [27] . In vitro, Teneligliptin is a weak inhibitor of CYP2D6, CYP3A4 and FMO, but shows no inhibitory effect on CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C8/9, CYP2C19 and CYP2E1 [10] [26] . Teneligliptin does not induce CYP3A4 or CYP1A2 [10] [26] . There were no clinically relevant drug-drug interactions when Teneligliptin was co-administered with Ketoconazole (a potent CYP3A4 and P-glycoprotein inhibitor) [28] , Metformin [29] or Canagliflozin [30] in healthy volunteers. No clinically relevant effects on the pharmacokinetics of Teneligliptin were observed when it was coadministered with Glimepiride or Pioglitazone [26] . Teneligliptin follows dual mode of excretion i.e. renal & hepatic. At least 90% of the radiolabeled dose of Teneligliptin was excreted within 216 h, with 45.4% excreted in the urine and 46.5% excreted in the faeces [29] . Approximately 21% of Teneligliptin is excreted in the urine as unchanged drug [26] . Teneligliptin has long half-life of 26.9 hours which offers convenient once a day administration [27] (Table 4 ).
Pleiotropic Benefits of Teneligliptin
Improvement in Endothelial Function
Daily blood glucose fluctuations have been shown to cause oxidative stress and induce inflammatory markers leading to endothelial dysfunction and arteriosclerosis. There is also evidence that the postprandial glycemic state contributes to atherosclerotic risk [31] . Teneligliptin appears to have potent, sustained effects on glycemic control, which are beneficial in ameliorating the effects of hypoglycemia and postprandial hyperglycemia on the development of diabetes complications [32] . Takehiro Hashikata et al. [33] evaluated the effects of Teneligliptin on left ventricular function in 29 type 2 diabetic patients for 3 months. Improvement was seen not only in LV function (LV ejection fraction, 62.0% ± 6.5% to 64.5% ± 5.0%; p = 0.01; peak early diastolic velocity/basal septal diastolic velocity (E/e) ratio, 13.3 ± 4.1 to 11.9 ± 3.3; p = 0.01) but also in endothelial function (reactive hyperemia peripheral arterial tonometry [RHPAT] index; 1.58 ± 0.47 to 2.01 ± 0.72; p < 0.01). Adiponectin is an adipocyte-derived hormone that plays an important role in the regulation of insulin sensitivity & energy homeostasis. In metabolic disorder like obesity, there is decrease in adiponectin levels in adipocytes. Adiponectin receptor is involved in regulating glucose uptake promotion & fatty acid oxidation. Enhanced adiponectin levels, in turn, increases protection against inflammation, insulin resistance & cardiovascular disorders. Circulating adiponectin levels increased (27.0 ± 38.5 pg/mL to 42.7 ± 33.2 pg/mL; p < 0.01) without changes in patient body weight after treatment with Teneligliptin.
Improvement in Lipid Profile
M. Kusunoki et al. [34] have shown beneficial effect of Teneligliptin on lipid profile. 14-week treatment with Teneligliptin 20 mg/day showed significant improvement in lipid profiles along with improvement in blood glucose & HbA1c ( Table 5) . Data are expressed as mean ± SD (n = 9). Significantly different from the values in the respective before values.
Natriuretic & Diuretic Effects of Teneligliptin
GLP-1R & DPP-4 are expressed in the renal proximal tubular brush border, where they regulate Na + reabsorption [35] . DPP-4 exist in physical complexes with Na + -H + exchanger isoform NHE3 in the brush border membranes of renal proximal tubule cells. The NHE3-DPP-4 complex exists predominantly in the microvilli of renal tubules [36] . DPP-4 inhibition reduces NHE3 activity and consequently induces natriuresis [37] . In addition to this, GLP-1 activation induces diuresis. DPP-4 inhibitors are antidiabetic agents that have diuretic & natriuretic effects, which might contribute in reducing blood pressure. A major proportion of diabetic patients are often di-agnosed with hypertension. Furthermore, DPP-4 inhibitors have recently been shown to enhance nitric oxide release in hypertensive or diabetic models [38] - [40] . Thus, the action of DPP-4 inhibitors might be favorable for diabetic patients with hypertension. DPP-4 converts intact B-type natriuretic peptide [BNP (1 -32)] into its des-SerPro form [BNP (3 -32)] [41] . Diuretic & natriuretic effects of BNP (3 -32) are less than those of BNP (1 -32) . The relative increase of BNP (1 -32) because of DPP-4 inhibitors might therefore be effective on diuresis & natriuresis. Masao Moroi et al. [42] investigated diuretic & natriuretic effects of Teneliglitpin & whether these were associated with the stimulation of GLP-1R in rats. The study concluded that Teneligliptin (10 mg/kg) had diuretic and natriuretic effects with a reduction of plasma DPP-4 activity over 6 hours. The natriuretic effect of Teneligliptin was inhibited by the GLP-1R antagonist, exendin 9 -39, whereas the diuresis was not affected. These results suggest that the mechanism of natriuresis was different from that of diuresis, and the natriuresis is associated with the stimulation of GLP-1R.
Weight Neutral
DPP-4 inhibitors are generally considered to be weight neutral [43] - [45] . In a Phase III trial, 20 mg of Teneligliptin was administered to 151 patients with type 2 diabetes, who were previously treated with diet control and exercise treatment alone. The dose of Teneligliptin was increased to 40 mg in patients with HbA1c levels greater than 7.3% at any time after week 24. The mean body weight change of the patients at week 52 (mean ± SD) was +0.18 ± 2.14 kg (p = 0.3254), which indicated that the effect of Teneligliptin on body weight was neutral [10] .
Clinical Journey of Teneligliptin
The efficacy of Teneligliptin has been evaluated both as monotherapy and combination with other antihyperglycemic agents in patients with type 2 diabetes. Studies evaluating the efficacy of Teneligliptin in patients with Type 2 diabetes and end-stage renal disease (ESRD) who were on haemodialysis are reported. Table 6 summarizes efficacy of Teneligliptin as monotherapy or as an add-on in adults with type 2 diabetes in various clinical trials. In combination trials with Glimepiride & Pioglitazone, patients from 12 weeks double blind study were switched to 40 weeks open label study. In respective studies, patients were switched from add-on placebo to add-on Teneligliptin (P/T group) or had received add-on Teneligliptin (T/T group) throughout 52 weeks (12 weeks double blind + 40 weeks open label extension) study. Teneligliptin in combination with Glimepiride showed significant improvement in glycaemic control at 12 weeks compared with add-on placebo, in terms of mean changes in HbA1c, FPG and 2-h PPG. At 12 weeks, add-on Teneligliptin also improved several other parameters significantly (p < 0.01) including changes in PPG AUC 2 , the proinsulin/insulin ratio, HOMA-β. and postprandial glucagon AUC 2 . There were no significant between-group differences (BGDs) for changes from baseline in HOMA-R, fasting insulin, fasting glucagon or postprandial insulin AUC 2 [47] . Teneligliptin in combination with Pioglitazone significantly (p < 0.001) improved glycaemic control compared with placebo plus Pioglitazone. Several other parameters including changes in PPG AUC 2 , the proinsulin/insulin ratio, HOMA-β and postprandial glucagon AUC 2 were also improved significantly (p < 0.001) [48] . There were no significant BGDs for changes from baseline in HOMA-R, fasting insulin, fasting glucagon or postprandial insulin AUC 2 There were minimal changes from baseline in bodyweight at 52 weeks in the P/T and T/T groups (0.7 and 0.5 kg; 1.2 and 1.5 kg) [47] [48] .
Wakaba Tsuchimochi et al. [50] showed that once daily Teneligliptin administration for 3 days significantly lowered postprandial and fasting glucose levels. Significant elevations of fasting and postprandial active GLP-1 and postprandial active GIP levels were observed. Teneligliptin lowered postprandial glucose elevations; 24 h mean blood glucose levels (from 162.6 ± 16.7 to 144.7 ± 13.9 mg/dL; p = 0.014), standard deviation of 24 h glucose levels (from 38.9 ± 12.1 to 27.6 ± 12.8 mg/dL; p = 0.0078) and mean amplitude of glycemic excursions (MAGE) without hypoglycemia (from 83.1 ± 31.5 to 64.5 ± 29.1 mg/dL; p = 0.047). In the same study, a significant elevation was observed in early-phase insulin secretion estimated by Insulinogenic index (before treatment: 0. ). Improvement in glycemic parameters with add-on Teneligliptin to insulin therapy is shown in several other studies ( Table 7) . c Change from baseline to week 52, mean ± SD (95% CI). d Patients from 12 weeks double blind study were switched to 40 weeks open label study. In respective studies, patients were switched from add-on placebo to add-on Teneligliptin (P/T group) or had received add-on Teneligliptin (T/T group) throughout 52 weeks (12 weeks Mean glucose level (mg/dL) 0:00 -7:00 h 7:00 -24:00 h 148.8 ± 25. Chronic kidney disease is a common complication of type 2 diabetes mellitus. Medical therapy for diabetic patients on dialysis is restricted due to possible renal failure. HbA1c in End Stage Renal Disease (ESRD) patients is not a suitable index for glycemic control. Thus, it has often been difficult to control hyperglycemia in diabetic ESRD patients. Significant decrease in HbA1c & glucose levels was observed in hemodialysis patients after Teneligliptin treatment. Otsuki H et al. [51] studied effect of Teneligliptin on 14 hemodialysis patients. 7 (Newly started), 4 (switched from Voglibose 0.2 mg TID) and 3 (switched from Vildagliptin 50 mg OD) patients were treated with Teneligliptin 20 mg OD for a duration of 28 weeks. Significant decrease in HbA1c & glucose levels was observed in hemodialysis patients after Teneligliptin treatment. C-peptide is used for determining insulin secretion in healthy person. However, since the kidney is the major site for C-peptide catabolism & excretion, ESRD patients have elevated C-peptide levels. Significant decrease in GA & increase in C-peptide were observed in hemodialysis patients after Teneligliptin treatment. The study concluded that Teneligliptin 20 mg OD was considered to be more potent than voglibose 0.2 mg TID or vildagliptin 50 mg qd.
In post-hoc analysis of two 52-weeks trials, Teneligliptin monotherapy (n = 363) or add-on therapy to a sulfonylurea, glinide, biguanide or α-glucosidase inhibitor (n = 339) significantly reduced mean HbA1c levels at 52 weeks compared with baseline in the overall population (by 0.72%; p < 0.001) as shown in Table 8 . Mean changes from baseline to 52 weeks in bodyweight were minimal including the Teneligliptin monotherapy group (+0.3 kg; p < 0.01), Teneligliptin plus Glinide group (+0.5 kg; p < 0.05) & Teneligliptin plus Sulfonylurea group (+0.5 kg; p < 0.01) [52] .
Safety of Teneligliptin
In Teneligliptin monotherapy study involving 99 patients [12] , adverse events occurring in 28.1% (9/32), 23.5% (8/34) and 18.2% (6/33) of patients in the placebo, and Teneligliptin 10 and 20 mg groups, respectively. The incidence of adverse events was not significantly different between the Teneligliptin and placebo groups. None of the patients in any group experienced hypoglycaemic symptoms or serious adverse events. There were no clinically significant abnormal changes in vital signs, electrocardiograms (ECGs) or laboratory measurements, nor were there any notable differences between the treatment groups. In another study involving 324 patients [11] , the incidence rates of adverse events were not significantly different among the four treatment groups (placebo, Teneligliptin 10 mg, 20 mg or 40 mg). Nasopharyngitis, ketonuria, glucosuria and proteinuria were reported in ≥5% of patients in any group. Overall, two patients in Teneligliptin 10 mg group, none in Teneligliptin 20 mg, one patient in Teneligliptin 40 mg group and two patients in the placebo group discontinued because of an Adverse Events (AEs). The incidences of Adverse Drug Reactions (ADRs) were not significantly different among the four groups, although the rate tended to be higher in the Teneligliptin 40 mg group compared with the Teneligliptin 10 and 20 mg groups. All ADRs were categorized as mild in intensity. The incidence rates of hypoglycaemia were not significantly different among the four groups. Five episodes of hypoglycaemic symptoms (two in the placebo group and three in the Teneligliptin 40 mg group) were considered related to the study drug by the investigators, but no consistent trends in the timing of the symptoms were observed. No patient discontinued because of hypoglycaemic symptoms. The lowest glucose level measured in this study was 49 mg/dl. None of the patients had severe hypoglycaemia.
In Teneligliptin combination study with Glimepiride involving 194 patients [47] , hypoglycaemic symptoms were reported by 2.1% in the Teneligliptin group and 3.1% in the placebo group during the double-blind period, showing no significant difference between the two groups. All of the events were classified as mild and did not result in study discontinuation. A reduction in the Glimepiride dose because of hypoglycaemic symptoms was not required for any patients during the study. During 40-week open label study hypoglycaemia occurred in nine patients (9.4%) in the T/T group and 12 patients (12.6%) in the P/T group during the open-label period. All episodes of hypoglycaemia were classified as mild in severity. One patient in the P/T group discontinued because of hypoglycaemia. Hypoglycaemic symptoms did not increase in elderly patients, or in patients with mild renal function impairment. In Teneligliptin-Pioglitazone combination study involving 204 patients [48] , the incidence of peripheral edema at 12 weeks in the present study was consistent with that in patients receiving Pioglitazone monotherapy. In addition, there was no tendency towards an increase in the incidence of peripheral edema, even if the drug was administered for a long time and the concomitant administration of Teneligliptin and Pioglitazone did not result in an increase in the incidence of edema. During 12 week double-blind phase, hypoglycemia occurred in 2% of Teneligliptin group and in 1% & 1.9% in P/T group & T/T group respectively. Adverse events with frequency ≥5% included nasopharyngitis, upper respiratory tract inflammation, edema, gastritis, eczema, back pain, blood urine and proteinuria. In Teneligliptin combination study with Metformin [49] involving 204 patients, hypoglycemia was recorded in 2.9% patients receiving Teneligliptin which was similar to placebo.
Post marketing data collated by the innovators suggest that approximately 250,000 patients administered Teneligliptin (August 2013-July 2014) [55] . Additional adverse reactions have been identified during post-approval use of Teneligliptin therapy like hepatic dysfunction-associated cases (3 cases) & interstitial pneumonia (4 cases) during the same period. All events were non-fatal cases [55] . Similarly though rare, these adverse events for which a causality to the drug could not be ruled out are also observed with other gliptins of the class. In view of above, it is advisable to monitor patients for hepatic dysfunction with elevations of AST (glutamate oxaloacetate transaminase, GOT), ALT (glutamate pyruvate transaminase, GPT), etc. If any abnormalities are observed, it is advisable to take appropriate measures such as discontinuation of the administration. Interstitial pneumonia may occur after administration with Teneligliptin. If cough, dyspnoea, pyrexia, or abnormal chest sound (crepitations), etc. are observed, it is advisable to perform examinations including chest X-ray, chest CT scan, and serum marker test. If interstitial pneumonia is suspected, administration of the drug should be discontinued, and appropriate measures including administration of corticosteroids should be taken. [54] . In QT/ QTc studies, a supratherapeutic dose of Teneligliptin (160 mg/day) produced slight prolongation of the QTc interval which was detected temporally at the high concentrations of the drug (around tmax level). Teneligliptin at the daily dose of up to 40 mg (maximum dose used in clinical practice) is unlikely to cause clinically significant QTc interval prolongation [10] .
Dosage & Administration
Oral Teneligliptin is approved as an add-on for treatment of adults with type 2 diabetes mellitus patients who have not responded adequately to treatment with diet and exercise or addition of other anti-diabetic agents such as biguanides, sulfonylureas, thiazolidinediones, glinides, α-glucosidase inhibitors or insulin. The recommended dosage of Teneligliptin is 20 mg once daily. Teneligliptin may be administered irrespective of food, preferably before breakfast. It is advisable to uptitrate the dosage to 40 mg once daily in patients who do not achieve adequate glycemic control as required.
No dosage adjustment is required in patients with mild/moderate/severe renal impairment & mild/moderate hepatic impairment. No dosage adjustment is required in elderly patients. Efficacy & safety of Teneligliptin is not studied in children. Teneligliptin should be used with caution in patients with severe hepatic impairment & those with heart failure (NYHA Class III -IV), because of a lack of clinical experience in these populations. Acute pancreatitis is observed with class of gliptins. Casual association between incretin-based drugs and pancreatitis are inconsistent with current data [56] , yet, it is advisable that Teneligliptin should not be used in patients with history of pancreatitis. If the patient is already on sulfonylurea & addition of gliptin is considered, in such cases the dose of sulfonylurea should be halved & then up-titrated as required to reduce the risk of hypoglycaemia. There may be chances of hypoglycemia on co-administration of Teneligliptin with insulin & hence dosage reduction may be required. Achieving glycemic control, including meeting HbA1c goal is indicative of efficacy. It is advisable to check HbA1c; twice yearly in patients who are meeting treatment goals; every 3 months in patients whose therapy has changed &/or who are not meeting glycemic goals, more frequently as clinically warranted. Self-monitoring is advisable as needed to assist in meeting goals of therapy.
Place in Therapy
Diabetes is a progressive disorder. Management includes initiation with lifestyle modification i.e. diet & exercise but eventually will require inclusion of anti-diabetic drugs. Metformin & Sulfonylureas (SU) remain mainstay therapy in management of type 2 diabetes. These therapies gained popularity over last few decades due to ability of these drugs to deal with original pathogenic triumvirate theory of type 2 diabetes (beta-cell failure, increased hepatic glucose output and insulin resistance). In clinical scenario, Metformin therapy has been associated with gastrointestinal adverse effects [57] [58] . SU on the other hand although effective in lowering plasma glucose, work in glucose-independent manner and have been associated with variable severities of hypoglycemia, weight gain and beta-cell death [57] [59] . The United Kingdom Prospective Diabetes Study (UKPDS) was the first to show that the combination of SU and metformin resulted in a progressive decline in [beta]-cell function and by 3 years up to 50% of diabetic patients can require an additional pharmacological agent to maintain the glycosylated hemoglobin (HbA1c) <7.0% [57] [60] . Declining beta-cell function is the epitome phenomenon of worsening hyperglycemia over time [57] [61] [62] . SU's have been shown to expedite beta-cell failure and induce apoptosis at rates greater by two-to fourfold [63] [64] . It has been shown that maintaining glycemic control is difficult with SU over a period of time and up to 80% patients while on SU's will need insulin therapy, due to beta-cell exhaustion [57] . Thiazolidinedione (TZD) therapy was shown to conserve beta-cell function; however, their use has been associated with weight gain, edema and heart failure [65] . In contrast to earlier notion of tight glycemic control, the approach of management today has shifted not only towards glycemic control but also β-cell preservation so as to delay the progression of type 2 diabetes. In addition to earlier triumvirate theory, failure of incretin system has been implicated in progression of beta-cell failure. Incretin-based therapies augment the incretin system enhancing the insulin release in glucose-dependent manner and have been shown to promote beta-cell preservation [57] [60] [61] [66] [67] .
The efficacy of DPP-4 inhibitors is well-established as a class without adversely affecting the survival of beta-cells. These agents offer convenient once daily dosing, are weight neutral & associated with a low risk of hypoglycaemia. Based on recommendation of various guidelines, we postulate, use of Teneligliptin could be beneficial as an add-on second-line drug in type 2 diabetes patients already on one of following anti-diabetic drugsmetformin, sulphonylurea, thiazolidinediones, α-glucosidase inhibitors, glinide and insulin.
Owing to its pharmacodynamic, pharmacokinetic & pleiotropic benefits, Teneligliptin could be of benefit early in the treatment of type 2 diabetes, in patients with diabetic nephropathy, diabetic patients with cardiovascular disease, elderly diabetic patients & patients in whom metformin therapy is intolerable or contraindicated.
Conclusions
Teneligliptin, a third generation gliptin offers unique pharmacodynamic advantage with unique "J-shaped anc- The suitable approach towards management of diabetes should include not only glycemic control but also early preservation of islet function, a strategy currently correct to delay progression of a disease which cannot be halted. Teneligliptin serves as an appropriate add-on to Metformin early in therapy to delay exhaustion of pancreatic islet function.
